Wearing inappropriate shoes can cause biomechanical imbalance, foot problems, and pain and induce falls. Objective: To verify the prevalence of wearing incorrectly sized shoes and the relationship between incorrectly sized shoes and foot dimensions, pain, and diabetes among older adults. Design: A cross-sectional study. Participants: 399 older adults (227 women and 172 men) age 60 to 90 y. Main Outcome Measures: The participants were asked about the presence of diabetes, pain in the lower limbs and back, and pain when wearing shoes. Foot evaluations comprised the variables of width, perimeter, height, length, first metatarsophalangeal angle, the Arch Index, and the Foot Posture Index. The data analysis was performed using a 2-sample t test and chi-square test. Results: The percentage of the participants wearing shoe sizes bigger than their foot length was 48.5% for the women and 69.2% for the men. Only 1 man was wearing a shoe size smaller than his foot length. The older adults wearing the incorrect shoe size presented larger values for foot width, perimeter, and height than those wearing the correct size, but there were no significant differences between the groups with respect to the Arch Index and the Foot Posture Index. Incorrectly sized shoes were associated with ankle pain in women but not with diabetes. Men were more likely to wear incorrectly fitting shoes. The use of correctly sized shoes was associated with back pain in women. Conclusions: The use of incorrectly sized shoes was highly prevalent in the population studied and was associated with larger values for foot width, perimeter, and height and with ankle pain.
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There are differences in the shoe-sizing systems adopted by different countries. The Brazilian system follows the French one called Paris point, in which each point is equal to two thirds of a centimeter (6.66 mm between 2 points), but Brazilian shoes are marked 2 numbers below the French ones. In this system, the length of the shoe molds is the measurement between the calcaneal prominence and the toes. In the United States, the same shoe-size number actually represents different sizes, depending on the sex of the consumer. For example, shoe-size 10 for women is smaller than shoe-size 10 for men. Table 1 shows Brazilian-to-US shoe-size conversion. The exact foot widths for which these sizes are suitable can vary significantly between manufacturers. Some US shoe manufacturers make shoes in widths from A to E, and common step sizes are 12/38 in. Many other countries such as South Africa, Japan, the United Kingdom, France, and Russia, among others, have standardized widths for a given shoe size, and some have different widths for each shoe size. 11 In Brazil there is no such standardization (there is only one width available for each shoe size), and older adults with broader forefeet are forced to acquire shoes longer than their feet, which adjust poorly to their feet.
This study aimed to verify the prevalence of wearing incorrectly sized shoes by older adults and the association between incorrectly sized shoes and anthropometric foot characteristics, pain, and diabetes. 
Methods
A convenience sample of 399 patients (69.6 ± 6.8 y) was used. The data were collected from the Third Age Open University, the Health Care Unit of the Federal University of São Carlos, and from 2 basic health units of the City of São Carlos. The patients' dossiers were available from the local responsible parties, and the invitation to the participants was made through telephone calls. Older adults with any form of lower limb amputation or who were using first aid dressings or orthoses that impeded direct contact of the instruments with the skin were excluded from this study. The participants answered a questionnaire formulated by Manfio and Ávila 11 including questions related to the use of shoes and the presence of pain and diabetes. The full questionnaire is shown in the Appendix. The anthropometric evaluation of the feet (right and left) comprised the variables of length, perimeter, width, and height as described by Manfio and Ávila 11 ; an assessment of the foot arch using the Arch Index
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; a postural evaluation of the feet using the Foot Posture Index 13 ; and the first metatarsophalangeal angle in the transverse plane.
14 All the foot measures were taken by the same person. The foot length and the widths (of the toes, metatarsal heads, and heel) were measured using a caliper. The foot length is the distance between the most prominent point in the calcaneal tuberosity region and the tip of the longest toe, along the longitudinal axis of the foot (heel to second toe). The width of the toes is the distance between the most prominent part in the medial region of the tuberosity of the distal phalange of the first toe and the most prominent lateral region of the middle phalange of the fifth toe. The width of the metatarsal heads is the distance from the most prominent point of the medial region of the tuberosity of the first metatarsal head to the most prominent point in the lateral region of the tuberosity of the fifth metatarsal head. The width of the heel is the distance between the most prominent points in the lateral and medial regions of the calcaneus.
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The following perimeters were measured using a fiberglass tape measure: perimeter of the toes, the metatarsal heads, the instep, and the ankle and the short perimeter of the heel. The perimeter of the toes is the perimeter of the vertical crosssection of the foot taken along the line that goes through the most prominent part of the medial region of the tuberosity of the distal phalange in the first toe and the most prominent lateral region of the middle phalange of the fifth toe. The perimeter of the metatarsal heads is the perimeter of the vertical cross-section of the foot taken along the line that goes through the most prominent parts of the regions of the tuberosities of the first and fifth metatarsal heads. The perimeter of the instep is the perimeter of the vertical cross-section of the foot at the most prominent region of the navicular bone. The perimeter of the ankle is the perimeter of the transverse section of the ankle passing through the most prominent points in the lateral and medial malleoli. The short perimeter of the heel is the perimeter of the section of the foot passing through the region of the superior face of the trochlea of the talus and the most inferior and posterior region of the tuberosity of the calcaneous.
The foot heights, measured using a portable height rod, included the height of the first toe, the first metatarsal head, the foot curvature, the dorsal foot, and the medial malleolus. The height of the first toe is the vertical distance from the floor to the upper region of the base of the distal phalange of the first toe. The height of the first metatarsal head is the vertical distance from the floor to the upper region of the first metatarsal head. The height of the foot curvature is the distance from the floor to the median point of the superior region of the metatarsal body. The height of the dorsal foot is the vertical distance from the floor to the most prominent region of the navicular bone. The height of the medial malleolus is the vertical distance from the floor to the most prominent point of the medial malleolus.
The first metatarsophalangeal angle was measured using a toe goniometer. As described by Norkin and White, 14 the goniometer was placed on the dorsal face of the foot with its fulcrum centered on the metatarsophalangeal joint. The proximal arm of the instrument was aligned with the first metatarsus, and the distal arm with the medial line of the proximal phalange. The degrees were considered positive when there was valgus of the first toe and negative when there was varus. These instruments can be seen in Figure 1 . Each measurement was taken once in the right and once in the left foot.
Footprints were made using a podograph, digitalized and transformed into images that were then redrawn using AutoCAD 2005 software. The plantar area, with the exception of the toe area, was divided into 3 equal parts along the longitudinal axis of the foot, and the Arch Index is the ratio of the area of the middle third of the footprint to the entire area. As suggested by Cavanagh and Rodgers, 12 an Arch Index equal to or less than 0.21 is indicative of a high arch, an Arch Index between 0.21 and 0.26 indicates a normal arch, and an Arch Index equal to or greater than 0.26 indicates a flat or low arch. To verify the reliability of the Arch Index calculation, the draftsman calculated the indexes of the right feet of 30 participants 3 times (from the same footprint) and performed the measurement error test suggested by Bland and Altman. 15 The differences between the 3 attempts for each subject were less than the recommended limit for the test (repeatability = 0.122), indicating that it was safe to calculate the index of each footprint only once.
Postural assessment of the foot was carried out using the Foot Posture Index described by Redmond et al. 13 This measure consists of summing the values of 6 assessment criteria: talar-head palpation, supramalleolar and inframalleolar curvature, calcaneal frontal-plane position, prominence in the region of the talonavicular joint, congruence of the medial longitudinal arch, and abduction/adduction of the forefoot on the rear foot. Each criterion is scored using whole numbers from -2 to +2, so the total score can range from -12 (indicating maximal supination) to +12 (indicating maximal pronation).
The measurements were taken by 2 physiotherapists. One of them made all the anthropometric measurements, taking care that the instruments exerted minimal pressure on the skin. The other only took footprints and conducted the interview. Before the evaluation the instruments were sanitized with 70% alcohol, and the reference anatomical points were marked to ensure taking the measurements at the same place.
Some of the anthropometric variables studied depend on foot length and must be adjusted to this to compare individuals with different foot sizes. This was the case for the perimeters, widths, and heights, which were substituted by the variable k, as described by Chouquet-Stringer and Bernard, 16 this being the value of the measurement multiplied by 100 and divided by foot length.
The data were analyzed using a 2-sample t test and an analysis of probability (in cases in which there were great differences between the numbers of subjects in the groups studied) to verify differences in the variables studied between subjects who were wearing correctly sized shoes and those who were not. The independent variable was the use of incorrectly or correctly sized shoes. Subjects wearing incorrectly sized shoes were those whose foot length was at least 2 mm below the range corresponding to the shoe size they reported using (even if on only 1 foot). The measure of 2 mm was chosen because we assumed that the measurement error would be less than this. The dependent variables were the widths, perimeters, heights, angles, and indexes. A chi-squared test was used to check associations between those wearing incorrectly sized shoes and the presence of pain or diabetes. A significance level of 5% was set for each of the tests.
The participants were given information about the study and signed an informed-consent form. An ethics committee approved the study. Table 2 shows the means of the foot lengths according to the shoe size the subjects reported wearing and the means of the foot lengths expected according to the shoe size. It can be seen that in most cases the foot-length means were smaller than the values expected according to the shoe size. For example, 44 men reported wearing shoe size 39, whose mean length is expected to be 26.30, but the mean length of their feet was 25.2 in the left foot and 25.3 in the right foot.
Results
One hundred ten women (48.5%) and 119 men (69.2%) were wearing incorrectly sized shoes, of which 29 women (12.8%) and 57 men (31.1%) were wearing shoes at least 1 cm longer than their feet. Only 1 man was wearing shoes shorter than his feet, and he was excluded from the statistical analysis. The chi-squared test revealed a significant association between male gender and wearing incorrectly sized shoes (P < .001).
The women presented a mean value for the Arch Index of 0.231 (± 0.051) for their left feet and 0.239 (± 0.047) for their right feet, and the men presented lower averages of 0.223 (± 0.050) for their left feet and 0.226 (± 0.048) for their right feet. Although most of the older adults had normal feet, the proportion of pes planus and pes cavus in the population studied was high, as shown in Table 3 . Pes planus was more common than pes cavus among the women, and in the men, pes cavus was more frequent than pes planus. The mean value for the Foot Posture Index for the older women was 1.25 (± 2.27) points for the left feet and 1.11 (± 2.44) points for the right feet. The mean values for the Foot Posture Index of the men were 0.94 (± 2.23) points for the left feet and 0.88 (± 2.47) points for the right feet. The 2-sample t test (Table 4 ) showed significant differences for almost all the variables studied between women who were wearing correctly sized shoes and those who were not, the former group showing smaller values for foot widths, perimeters, and heights and the first metatarsophalangeal angle. Table 5 shows the analysis of probability comparing men wearing correctly sized shoes with those were not. It was shown that, with respect to most of the variables, the means for the men in the first group were smaller. These differences were significant for the foot widths, perimeters, and heights but not for the first metatarsophalangeal angle, Arch Index, or Foot Posture Index. When asked about pain in the lower limbs or back, 50.7% of the women and 30.2% of the men referred to pain in the feet; 24.2% of the women and 10.4% of the men, to pain in the ankle; 44.5% of the women and 29.6% of the men, to pain in the knee; 40.5% of the women and 30.2% of the men, to pain in the hip; and 62.1% of the women and 59.3% of the men, to pain in the back.
Foot pain when wearing shoes was referred to by 60.8% of the women, of whom 37.4% complained of toe pain, 19.4% of pain in the metatarsophalangeal joints, 5.7% in the instep region, 14.5% in the arch area, and 9.7% in the heel. Of the men, 29.6% presented complaints, 19.8% in the toes, 5.8% in the metatarsophalangeal joints, 2.9% in the instep region, 5.2% in the arch area, and 4.6% in the heel.
Having diabetes was reported by 34 (15.0%) women and 38 (22.1%) men, of whom 19 (55.9%) women and 31 (81.6%) men wore incorrectly sized shoes.
The chi-squared test was used to check associations between wearing incorrectly sized shoes and the presence of pain or diabetes (Table 6 ). In the women's group, only the presence of pain in the ankle showed a significant association with wearing incorrectly sized shoes. The presence of back pain was associated with wearing correctly sized shoes. In the men's group, there was no association between any of the variables. *Association between wearing incorrectly sized shoes and pain in the ankles. †Association between wearing correctly sized shoes and pain in the back.
Discussion
The percentage of older adults wearing incorrectly sized shoes in the population studied was high, and in almost all cases, the foot lengths were smaller than those expected from their shoe size. Perhaps the increase in some of the foot measurements that occurs with aging, especially widths, heights, and perimeters, 3 leads older adults to buy bigger shoes, even if these are inadequate with respect to their foot length. In a study carried out in Scotland with 65 older adults, it was verified that 72% were wearing incorrectly sized shoes (65% were wearing shoes longer than their feet, and only 6% were using shorter and narrower shoes). The use of incorrectly sized shoes was significantly associated with pain and ulceration. 9 Menz and Morris 17 also verified that most of the 172 Australian older adults they studied were wearing poorly fitting shoes, but to the contrary of the current study, they were wearing shoes narrower than their feet. These cases were associated with corns on the toes, the hallux valgus deformity, and foot pain. The women's shoes, besides being narrower, were shorter and had a reduced total area compared with their feet. A study carried out in the United States with 356 women age 20 to 60 years old revealed that 88% of them wore shoes that were narrower than their feet. 18 These findings can be explained by the aesthetic patterns adopted by the shoe industry, privileging narrower toe caps. Thus, men's shoes can be considered less harmful to foot health. 19 The subjects who wore incorrectly sized shoes showed greater values for their foot widths, heights, and perimeters, but there was no difference with respect to the Arch Index and the Foot Posture Index. It seems that changes in the arch height and in foot alignment do not determine the option for a larger shoe size. The first metatarsophalangeal angle was only significantly greater among women wearing incorrectly sized shoes. Because hallux valgus is more prevalent among women, 20 this condition may have influenced the choice of a bigger shoe size, even though the use of incorrectly sized shoes was associated with the male gender.
In this study, no association was found between wearing incorrectly sized shoes and diabetes. However, diabetes is associated with obesity 21 and with greater foot measurements, 5 and other studies have found an association between this condition and wearing incorrectly sized shoes. [22] [23] [24] Maybe if we had investigated obesity in our sample, we could have understood why there was no association between wearing incorrectly sized shoes and diabetes in our study. In addition, there was no association between wearing incorrectly sized shoes and foot pain when wearing the shoes. Opting to buy a bigger shoe size did not cause pain but could lead to claw-toe deformities when the shoes were not sufficiently fixed to the feet 25 or could interfere with gait and balance strategies. In women, wearing incorrectly sized shoes was related to ankle pain and, paradoxically, the absence of back pain. These findings require further investigation.There are limitations to this study. First, analog instruments are less accurate than digital instruments. Second, diabetes status was determined via patient self-report rather than verified clinically. Third, intrarater reliability was not assessed for each anthropometric variable. This could invalidate the statement that subjects wearing incorrectly sized shoes were those whose foot length was at least 2 mm below the range corresponding to the shoe size they reported using. Moreover, the studies described in the discussion used different definitions of inappropriately sized shoes, thus affecting comparison between studies.
Conclusions
From the data obtained, it was possible to conclude that the prevalence of wearing incorrectly sized shoes among the older adults was high, especially among men. Higher values for foot height, perimeter, and width were associated with the use of shoe sizes larger than the feet but were not associated with the Arch Index or the Foot Posture Index. In women, ankle pain and a larger first metatarsophalangeal angle were also associated with incorrectly fitting shoes.
To protect older adults' foot health, thus ensuring a securer gait, it is necessary to provide, at least, differentiated widths for each shoe size in Brazil. However, because in some countries where there is more than one width available for each shoe size, incorrect shoe size is still an issue for older adults, we believe that designing shoes based on the specific anthropometric measurements of the older population could be a better solution.
